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3UBJECt:Progress Report on Vanssil Investigat ion Including Data
* on a Low Vzpansion Aliinimn Powder Allay

RK3MNM: (a) Progress Report on Vammsil Investi~gation,, NOPI Research
Departmnt, Report No. 16, ProliulnsirT No. I by, 1. C.
Wagner ad T. 0. Weir

(b) Propress Report No. 2 on Vassfl. Inveitipstia NPI
Reseso and Test Department, Report No. 17 by 3. C.
Wagner and T. G. Weir

(o) Propress Repert No. I on Vassil ruvestigotion, NOPI
Research and Test Department, Report No. 21 b7 T. G'.
Waner and B. a. Vaub

$ (d) Seao Eperiments in the Production of Alumim-Nokel-
fron. Alloys by, Powder, Ihtallurw by P. R.ft. iJsohae
Ustala Theheolopf, ugust 1342, T'P. 15028

(o) Recent Dev~lopments: In the. 7ozmtion of Aluinnand
Altulam Alloy& by Pewder Mtallurgy, by G. D. Crmmer
am& T. 1-. Cozdlamt., Metals. bohmnalo Mxnoe 1945, TP .
151

(f') Msaflogpp of AlUSLOW, AlleYs, L. F. Moadolfa, JW=t
3±1ST and Sen., IM

(C) Hbat Resisting Siatered. Alminuo byr R. frrmn, Thw,
Naineers: Digest, Vol. It Wa. 1, Ma 19Mk, page 9*

ANSTRACT

Atalumin:powder alloy as:proued. wit a lieroefficient of

othe ftica. popetie eqal t thse f'Vnasl, ut ithconsiderably
Impove siehiabl~iy,.A lrWwmhr o slminutpower.allyswere

WWI W ! am ttept Ia fInd hs:=atpracica ligt aloy-for us
with 300 series stainless steel. and phospbor- bronze in instromnt umam-

Silicon sgeainIa aaicatnvsrduced by reducing

section size o h a-ig n hsicesn h-fezn aeo h
Ustal.

Two trail, computors built on L-232 base castings: operated perfeetly
after exqposur. to tempersture., of -600 an 1650 71.

1. Introduction

&. Tin original objeistive of the Vanasil Snvstilption was to develop
light weight oating afoy with the low coefficien~t of expansion of Vans-

oil but with Improved machimsbility. The linear coefficient of therl
expansion of Vamasfl is Ideally suited to the menufeoture, of iLnstargmnts
in whiob type 303 stainless steel and phosphor bronze grade B components

cMre assembled into anSUIDbe&* casting alloy frame. owver the diffi-aut7o uhnn hsmpilgv rs oapor Iw tdvlpn
a ucso oVaei.I uh pcton

fMRT 1MRTIO
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b. Two limas of attaik on this problem were sugested: first.
variations of aalysis of normal low ezpnsion, alumiwm base llojw to
reduce the primar7 silicon precipitation which makes Veansil so diffi-
oult to maohine; and sconod, development of au alloy by powder, metallur&
methods to accomplish the stm end.

o. A little work. was started on the variatio of anasses using
titanim to. replac the bypereut otio pertiow of the illicon In Vanasil.
An alloy ws ramde with a ooefficisat of linear expansion of 9. T z 104
incahes per- ash per degree 7 (6a ° -al ) . The high temperatures required
ta melt the titanuma-alumimm matter alley md* the casting very Way in
spite of the AwgoU atmosphere used. aver the whole mltia md pouring equip-
ment. lurther malting of the high temperature aluminua alloys was scheduled

for, vacuum ftmace, at until tm fwnao. coulU be procured$ tho activity
of the investimtioa us diraot.- toward peoer mintl alleor developmnt.

R. Milled Lov-Expasion hlminm Powder Alloy

a. The beat powder- metal alloy produced o thias prouna vas mado by
ball. milling a powder mixture consisting of' 12% silio -WZ5 mask. 3.15%
nica]- -3 5 mash. b' alos atomized. alumi -I0I moth. This pader wam
ml.W~d 20 hours under mthy'L aloohol in a percelaIn jar with coemeda Crqlht-
dor esa a giidin mediun. Test bars .UO .0S inches In cross: seation
by 3 inches long were oompacted at 60 000 PSL T m p acats w . sintered
at tempertures of 1000°, 10200. ant MOR F for I and I hours in a hyogum
atmosphere driet to a dew point of -41° T. Tba coefficient of termal
ezpmion we& datermined on most ot' tha imIvidul. te st bars: ant then their-
trasveres breaking strength ws determined by loading tK as a simple beas
over a X.40 inch spas. Thbla 1,, I. s surver of the preperties obtlaned.
ft the variations of' the sintering teckiiqua.

Sint . . ..... Tna. Break. Goeff. ofhml - "M,H.. TWED. or. k, I .IA&. Lb&- - I, , -- .

rV a ,I00: .Z V.8
VTr a 1000 in18 9.9
IM a 1000 HS a 9.8

a 1010' He 163! 9.0,

X. 1 ;lo4o HE L9a --
La 1.3040 He21T 10.6

is a 1040. W 2& --
17 a 1.040 Ell2W

2A a 1 ,040 A& _ 34, 9.0. .

?ABZX 1. STRMU H AND WMAMION DATA ON MM. IILJIZD
AALM3 POWIUR ALLOY (13t ft 3.5j Ni.)

STho two 160 pound strength values of the 01.2O series ae considered
bnewmall low and not typoal. of the usual produation.

SUCURI?! INFORMATION
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b. The OVO series from this table shows a high degree of soosiatenoy
In strength aMd expavsion obarsoteriutios. Both the OX series show that
inureasiug sintsAin tim at a constant teupaetwe reduces. the ooeffloeat
of expansion. Over this raWg of tepeatures and tie. tha transverse
breakin strength Is net materially effeeted. The distortion or shrinkage
of the" saples incrassas wiLth more severe, sixtering oonditiens but in
not omidereA offmsivaly high at the optiim sintering temperature of'
10300 for I hour-. Under those condItoss & 30, bar wif shrink .040 In*hor
in length on wintering.

a. To. compare the strength of thea.i bars with the saneuirt cost
materials soveraL bars marm mehined to the saw djimensios: fro both as
ast ant heat treated. Vanl an& L-132, Moer weria then texted. as bum
in thesa manner a th powder bax*. Ok this basis, the powder bar* of
times series have about 10t~ of tho sftrgth.t of het treead Viaal, sat
SK of the strougth of k-15Z. &. 11r or attempts ware no"s to test
thaes esterial as soon tonwil. upsoiinu. The stranger inmmpaw behaved
fbirIr vanl, but a good. owl of tha waker amples wers broken. In the
eohia chair., FlzmIIT tim triavers bea toot van adopted. as a standard
testing nothod ta avoid. the Ions ofl data. on poorer- samples.

C, Thor wat obrjeotionablesamoining eperatlons on tho Vasfl1 stbWg
r drilling andL tapping- fml holes. AN &. Compal 3 , haoes of e4V%-

lent sim. is drilled. and henM tapped. ta sow of theae sinterings ad Is
som Vomit. Tim band operwtions: warw very- inch easier I& the sinterings,

thn nVnwl tehutvaM~wsuismmatmt

bu buhtsata odooto n.tIncrsrtr ftoemtra

~t 4 e

F~tM 1.MiorostrQatUre of Bal1 IlildL Aluminuu Powder AlloT (13t, Si.
3.%, Ni) 1 1000. Typioal of mioroatrucouras of samples listed

RNSTRCTID in "Table 1.
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*. The larg.est gran in this miorosruoture covers less t.n
one five hundredth of the aea of the primory silicon crystals in Vans-
oil (Reference (a), page 6). There is no evidence of grain growth or
reorystalisation in this miorostruoture.

f. The apparetnt density of this powder after milling and drying is
0.315 grams per oubsi oontimeter. Its compressibility Is '.6:1.ise distri-
bution studies were started by dry screening. The -325 fraction was
classie. d in a still water olum, removing the settled fractions after
measured time intervals. After drying again, theme trations were studied
microscopically and an average size determined for each frastion. Nov
obviously there is a discontinuity at the change from screen to mioro-
soopic method; however it is felt that the data is most clearly expressed
in this form. The size distribution ist + 00 mesh, 0%; + 325 mesh, 9g;
45 micron, 17%; 30 micron, 17t; 15 micron, 13%; 10 micron, 11 t; 8 micron,
9t; 3 micros and finer, 24.

a. The offet of competing load mw studied at load* both absev
and belov 80,000 Psi. Samples of this material compacted at 67,000 Psi.,
showed almost identical properties to those comoted at 80,000. Earlier
work with mixtures of elementary powders iadd without b&al milling Indi-
cated that bars compacted at 105,000 Psi wore superior to those at 80,000.
The higher lead ws not available at this station for more detailed study.
At loads of 80,000 Psi. the green density is 2.3 grams per cubic centimeter.
Density after sintering increased to 2.4.

h. T e physical properties of this aterlea areeo mparable to those
of Vansil. The goeff aent of linear expansion mey be cotrolled between
9.0 and 9.9 z 10- 6 */-/e 7. (680 - M2. O ) by appropriately controlling the
sioterig time and temperature as indicated In Table 1. Within the limita-
tions of powder metallurgy part and methods this is a solution to the
original problem. Partos amenable, to powder motal production my be manu-
factured by these techniques. This would net answr the demand for a
casting material for th. more involved instrumnt housings.

3. Powdered Vaail and A-132 Modiftoation

a. The first attempts at the powder approach to the Vanasil problem
were mod by ball mill powdering Vansail and A-132 with smell amounts of
nickel added In the milling (Reforence (a), pe 11). The nickel modified
Vansa l. lost considerable silioon in millim and ended with an analysis of
19t silicon ai 2-4f nickel. This only reduced the coefficient of expansion
to 10.9 z 10 */,/y which is appromately equal to that of A-132. The
A-132 bua milld vith nickel additions, though lower in silicon, produced
a better coeffiolent of expansion (that is, nearer the nomil goal of
9. 5 z 10-6 ) due to a longer sioterig tim and higher temporature. A brief
recap of this early information is surveyed in Table 2. The relation of
lower expoanLon earcsateristios to h1#her sintervg temperatures suggested
two additional short tim vinters in air to cheock this trend. Theoc two
sples cenfirm this trend.

SEUIY NPRITO
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4. Aluimum Powder Mixture Alloys

a. Another attempt Vs made to stidy the effect of slnterifg atmos-
]?eres, times ead temperatures. The powder was ized from elemtary
powders to the sun ohemical analysis as the Modified A-132, that in 10t
Si -425 mob,. 9% Ni -325 mmli, 79% atomized Al 200 mosh (nomina:l). TO
this 2% Tift me added to furaish nasent hydrogen for redu.S*i almminm
ozie. The use of TLIIl is established i this oomeotion by Kaliseher,
(Rterese (d)) In sistering a m4aotis powder alloy at 21900 . Hits
pheticrogmPhs show ma ox'-e network In sinterL.gs vitheit the bydrido
mad shm the aboonse of such a network when sIntered with the hyd-lde.
The TIft begins to decompose at 840 F dshng nascaet bydrogen for
this reduction.

b. Three atmospheres were used Ina this phase, p eWrif. hydrogen,
parified argon, mad still air. S3a torwi times of 1/2, a snd hours,
aad sintering tmpe at s of 975o, 10000, mad 10250 7 were studied in
a12l tee amospheres.

o. The coeffilosat of ezpamsioa on, this etir series waa high,
rinift frm 10.8 to 12. x 10-6 inches per inch per degree r. The
samples sintered. lenger than & half bhr prodused an avewg strengh
equal to as cast Yansfll. The offesim of sistering tim, -prat%"&a an.
atmsphere oa s tngk am inmrisedin. la rigere: a.

Io

1290

Sitering Temperature, Degrees F.

- -8 Hr. Siater

FlOUR 2. TER UFIZT 01' Sn1OIM Tnlh, mTZRATUER AND AIM0SPRNB ON
STRiAT

=M= U I NOM&MTION 6
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C. Only one good strength vex attained with 30 minute sintering,
so 30 minute Is considered generally inadequate. Zight hour sintering
in soue wat better than two, but not enou&h to Justify the additional
trouble. Argon and hydrogen atmospheres produce compaable results under
the ewo conditions. Neither seems very, mwh better than air for this
work.

e. Distortion of the barn due to s ntering insreases with higher
tuprsturej an& becomes imtolermble, a, little above 1025 . The Al41-Ni
system fo. a eat- tio at 13$ Si and 5. NI. with a melting point of 1054
(Reforenoe (f), page 114). Distortion *an be expected to. be severe near
this tvmpersture. In general, the higst sintering temperture oonsistent
with reaseble dlinnsionaal. stability is to be preferred.

5. Effeot of Aluminu Powdor Particle 3is.on Strength

a. A side study was m*ade on the effeat of powder particle size on
strength aone with bars oompqa*ted fro four- naminal sizes of atomixed.
lumiu powder. Nowml 20 mesh, 100 mesh, 200 mash and -25 powders

wem compaotel& at 80,000 Psi, sintered. at IO25 for Z hour s bnhydrogen
an&. toste as bama. The deflection of these boas was also measured
at tbi omset of fracture to index the plastic deformation. This data
is m ri sdi Table 3.

N MCAII PW= TRM. CNtE . O'ISIZEF wowH LOM a . LM

20 12R .42Y
100 148 P5
00 121 .20'

-425 5. 01

TABLH 3. RMUTION Or PON=R PhEIOL3 SIZM TO S&TR ON
PU~i AWLfIUM POP=RSh~nG

h. This shows an increasing strength tendency with finer powder-
eim sesn a pronounced Increase in ductility with coarer- powder sizes.
The beat dWflectiow on tbi previous alloy powder- samvlea was .075 inches.

8. Effeet of Titania Wydride on Strength of Straight Aluminum Powder
Bars

A. T-tanim= hi*'ids. sumeatet by- aforeno (d), wan added. to most
of the alloy powder omapstions in the proceeding work. Soma of the
fractures east a reasonoble doubt as to Ift effectiveness iu cleaning
up the surface oxides on the powder grains. T cheock this point, a series
of simple bars ocm soted frm 20 mash atoized aluminum pavdar plus frog

RVTRICTOU
sxaunT In rUATioN 17
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2 to 20%.TiH2 , sistered 2 hours in, hydrogen, wa tested. for comparison
with the, bars of straight alinint. Thi data is sumarized. in Table
4.

AUOUT Ti! TRAM. Mu=L.FET0

O120 .420
75 .090

4 109 .240
10 .180

& 65 .080
65 .072

is: .015

TAM3J 4. WM 07r TUN HYDKZ ON A'BT ND VXPAUVI0W
C7 PURK AUUIIWV PO 3WWn fl&

W. Nt amount of addet Tili produsei a satwith equal to straight
miumiu podw.. t is sen1od that sItswIsr, temeratures of' 1025c 7
ea Mgt sufeesl igh. to Utiliser tkoe hq4roewa for by this TL%.
IDIirnhe I* rtfeasm (4t), vas ainterin st, 219007. TL the light of
t~±s data,. Qw we of T231j ma drappot frea the iavetlptIaw with the:
owerkia or am series of aloy sample.

7.4 tabriowbimo f ies

a. Camr smo Merdiam (refereme (e)) resewwmmde4 a tie lubricant,

veld*Isa uchL a erbom tatralaorida to: prevent ths slumimon frau *old.
wwlIiag to thoe . allsi. Aluinxm ank srteari acid, b.lf ant half # aus-
Pinwd I= aeasr to ealm a very thin di. mah workI? perfectly- on this
Inivestition wt & separable di.

&UI CP.z N&ia MIxture Alloys

a. Mw or the alloys me" by replasiug soe of the Ivperaettio
siliton wth titamim hat a aetsieut of' exPasioU of 1.7 x 101 inha.
per Ink per doN IF. Several peuder bans were mixed to this sam ahmisa
mnlyai. tar rnpars results with Vow e&at alloy. Strangely, the lower
sinterftg temparaturew pwodue beat stresUgt, ant une gave an even fair
coeff iciest. Table M. summrizes this Szffoiwtion.

8~RIMT! I OMAIO

3.4~r UM
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_______ "0.~WI_____ uYMS AMSNAL a~N.0 p
NUMB. AIoBPHW LOAD, mS. no 4 */,/Or

a 2 939 Dry H2  170 11.8 x 10-4

2 2 975 SJ 156
3 2 1000 125
4 a 1000 117 11.. a X10

Pwder Analysis: 14 Ti; 80; 2t Ni; 0.S C; BaAe Al

TAB 5. * STIWf ANID 311ANSICu DAT ?O TITA1IITU-ALlJNIM

b. rrom this it sppears that ebmisal aaminjs aloveomaot be uest
to control the oooffioie . T maostrtzature of t1aey in alse

Uertt in oeantr-lli this as well &ax the other physical propertions

a. a series of b m mad to 8t heffeot of different
titaai nd niukal a s at a constant level of fK silicon. TTtaanim
at 5%, 14t, 20f, an& 30t vas, iv at nalb lvesos00ai.an 0balme. atomized a1vmimin. AIL were ooupotsd at 80,000 a., nter
hours at 1000 in dry hydrageu and tested as bems. 21trenek and eefielat
of expansion data is In ngure 3.

.o.i :z- - -.ui. ..

,so

0 5 10 15 2b 0 11 90
M ON NICUL FMt CM NlICl L.

•MU ,3. 37W OF TMTNMt AND NIOMKg ON STZW AND MgXANSION
OT AMCM'IIN PON ALLUYM

d . Hig p onts L of nael do reduce the coefficient of expansion

b also reduc the strength to unenduraebX levels. higher nickel
sinteriags exue eeeya itrU.S h adtoswhisk improve
the oosfficient in thia series ruin the strength. Of the four good
oeffiaienta praduced in tho series, only oe equals Veasil. i strength.

RETuiCTED
SECURMITY NFORoATIO
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e. Several sinterings were made of 25, Si, balance atomized aluminum.
Those, too, were not encouraging. Strength was less than Vanasil and the
coefficient more.

f. A survey of the effects of silicon, nickel, molybdenum, iron and
copper on the coefficient of expansion of aluminum (reference (a)) shows
that all of these elements reduce the coefficient in some degree. A corm-
prehensive program was planned to study their effects on the coefficient
and strength in powder alloys, in ternary and also in more complex composi-
tion. The general outline was to add 2t each of nickel, iron end molybdenum
both singly and together to an alminum-silioon mixture at 12t, 18t, 24t and
3% silicon levels. 3ach of these mixtures was chocked at 10000, 10250,
and 10500 F. sinters if it would stand it. All samples were compacted at
80,000 Psi, and sintered for 2 hours under dry hydrogen. The results on
this progra= scattered widely, as is to be expected, and can perhaps be
best sumiarized in Table 8.

CHICAL UALYSIS Snw"IT P. TRANS. BREAK. CO107. 0r IMP2.
"i UO VU OFC~________ LOAD., LBS. 1 10-6 -//Or0.

12 2 It00 162 11.2
12 2 1025 163 11.8
12 2 1000 158 12.1
12 2 1025 121 11.9
12 2 1050 170 II.a
12 2 1000 150 11.9
12 2 1025 145 11.9
12 2 1050 205 11.5
12 2 2 1000 138 11.9
12 2 2 1025 167
12 2 2 1050 178 11.5
12 2 a 2 1000 140 11.7
12 2 2 2 1025 198 11.6
12 2 2 2 1050 78 10.8
12 2 2 2 2 1000 175 11.4
12 2 2 2 2 1025 127 11.0

18 2 1000 129 11.6
18 2 1025 132 11.4
18 2 1000 124 1U.7
18 2 1025 172 11.8
18 2 1050 158 11.2
18 2 1000 138 11.5
18 2 1025 179 11.2
i8 2 2 1000 150 11.5
18 2 2 1025 119 11.1
18 2 2 1050 144 .1.1
18 2 2 2 1000 120 11.4
18 2 2 2 1025 130 10.9
18 2 2 2 2 1000 105 10.8
18 2 .. 2. a 1025 102 10.4

"TA21 6. eontinued on page U

10
' R13STRICTMD
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(TABLE 6. continued)

CMIOAL ANALYSI3 SINTMIRI TMil. TRANS. BRIAK. COW OF MP.
ts~i - NItuo I 07e I I O LAD, LB8. x_1__".lo

24 2 1000 112 11.0
24 2 1025 69 11.1
24 2 1050 68 10.5
24 2 1000 97 11.4
24 2 1025 112 11.2
24 2 1050 130 11.0
24 2 1000 92 11.1
24 2 1025 120 11.0
24 2 1050 127 10.7
S4 2 a 1000 113 10.9
24 2 2 1025 1.1'9 10.7
24 2 2 1050 137 10.5
24 2 2 2 1000 88 10.8
24. 2 2 a 1025 98 10.6
24 2 a 2 1050 98 9.7
2 2 2 2 2 1000 88 10.3S24 2 2 2 2 1050 107 9.9

30 - 1000 417 10.8
30 2 1025 73 10.7
30 2 1050 66 9.7
30 2 1025 67 10.9
30 2, 1050 119 10.1
30 2 1000 88 10.9
30 1 1025 80 10.7
30 2, 1050 72 10.4
30 P 2, 1000 53 10.7
30 2 a 1025 78 10.7
30 2 2 1050 108 10.4
30 2 2 2 1000 28 10. 7
3, 2 2 2, 2. 1050 56 9.2

TABIU 6. hWIhOT OF ALLOT ADDrTIONS TO ALUMIM POWR
SINM~RIM~

g. Only three sinterings were produced In this phase with a coeffi-
cient below 9.9 x 10-6 an all three of these had strengths below 100
pounds. It is fairly consistently shown that higher sintering produces
higher strength. Higher sintering also Improves the coefficient in
practically all oases. This relation of physical properties to sintering
temperature is fortunate in one respect,, but up to this point sintering must
be carried too danaerously near fusion to achieve adequate strongth 0aM
suffiieontly low a aofficient of ozepnsion. Tho hiah t smturo required
produce too much distortion to be endured before the ond is reahed.
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0. Milled Alminum Powder Mixture Alloy Development

a. In the earlier phases of this investigation a short series was
run to determine the best compacting pressure for makin green compacts.
The analysis was the sae as the other early direot powder mixture alloys,
8i 1ot, ]i 9t, Til 2 2%, balanoe atomized alminuma, however the mixing was
carried out in a ball mill under alcohol for several hours. The ball milling
oxidized and cold weld alloyed the powders to a greater extent that the Tift
va able to clean up. Fratures were oxidized and black.

b. Aside from the initial purpose of this experiment, it was noticed
that there vas a marked reduction in coefficient of expansion. This coeffi-
cient ms 23% below average values for the sam ohouloal analysis mixed with-
out extended ball milling. Physio al strength wax discouragingly low, but
the fact sgge u sted an intermedi.ae ooznitlon between the extremes of simple
mixture and ball mill alloying. It appeared that the low coefficient was
principally due to the oxide network which was also responsible for the low
strength.

o. One possible way of improving strength at a partial sacrifice of
unnecessarily low coefficient is to ball m.ll a master alloy under conditions
that will control oxidation; then after drying the powder, blend in measured
quantities of atomized aluminum to break up the continuity of oxides.

d. Several series of bars were run under such conditions. Typical of
them was a series composed of 13.7t Si, 7.4t Ni, balance atomized aluminum,

hal. illed 20 hours under methyl alcohol In a sealed porcelain Jar. After
drying this powder, it mw remixed, divided, and the fractions were blended
with 4, 5%, 8% and 12 20 mesh (nominal) atomized aluminum powder. The
blended powders were compacted at 80,000 Psi; half of these bars were sintered
in hydrogen for 2 hours at 10000F; the other half were sintered in hydrogen
with the heat slowly increased until a liquid phase begen to sweat out on
the surface (at 10700) and then were cooled in the atmosphere. The re-
sultin ocoefficients and strengths are illustrated in Figure 4.

A0

200

~2 0 0 _0_ _9_ _5Sinter W 9." 1000°  inter

C1160. 9.*
140 * 9.3

Itex, Ra

Per Cent Added Aluminum
FIGURE 4. EFFCT OF ADDED ALUMINUM TO ALUMINW-SILICON-NICKSL

BALL MILLED P(YarR ALLOY
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o. This shovs that strengths avaging slightly above Vanasil and
ooeffioientx considerably below Vanasil are possible by this method.
However it Is also noted that strength is reduced with added percentages
of blended aluminum. This suggests that proper control of alloy aompo-
sition, sintering temperature and ball milling an adequately control the
relation of strength and coefficient without the addition of blended pov-
ders after milling. The data of Figure 4., also suggests that when using
sintering temperatures above 10000, there is more percentage of alloy pro-
sent than necessu to reach a sufficiently low ooefficient.

f. In line with these observations, the alloy was out to 11f Si and
2.5% Ni, and the ball milling and compacting were left unchanged. Sintering
was raised to 10750 and 1U400 7. The blending aluaimm waa eontinued at the
2 and 8%f levels in addition to the master mix without blending. This data
is summerised in Figure 5.

;50 0
02.0 6 T0N i-tOr -

~240

3.140

230 O 110FPr Cent Mdded.Aluminum

FIGUR 5. D'FMCT Of ADDSD AWUIUWM TO LOAN ALUMINUU-SILICON-
NICKEL BALL MILlED POWDSR ALLOY

g- These curves confirm the previous conclusion that little signi-
flcant benefit is to be gained by blending aluminum into the mater baUl
milled alloy. The correction on analysis however was too severe to got
a good coefficient but did give the best strength yet produced (107% of
A-132 or 140% of heat treated Vanasil). The higher sintering at 11400
gave alaminated, distorted bar, a very undesirable oondition.

h. Two samples of this series were slatered in air at the same two
times and temperatures. Both strength and coefficient were lowered, breekan
load to 160 and 193 pounds and ooefficient to 9.2 and 9.9 z 10-6 respectively
at 11400 and 10750 sintering. There is an additional oxide shell or case
effect which is shallow for short time sintering and at least 1/8 inch deep
for 2 hour aintering. This method does not seem as promising as the hydro-

gen atmosphere work.
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I. There Is a strong possibility that bydrogen of inoreased purity
(dew points of -600 F or more) m.iht have Improved the sinteri:g oondi-
tion for the aluminum powder mixture alloys of section 4. However it
soon became apparent that high strength clean powder alloys had higher
thermal expansion oharaoeristion than alloys suntered in air or Improperly
purified hydrogen. This led to the conolusion tbat & considerable portion
of the reduction in expansion was due to tbe presenc, of ppreelable per-
oentages of alumiinu oxides. Of oourse this is particularly true in the
vaterials prepared by extensive ball milling. Now since those properties
seea to be aohieved by deliberate and oontrallod ozidatiao, dew points of
-43* were not found to be objectionable, pa-tiularly on the bal milled
alloys.

J. This experience seem to parallel portions of the recent luropean
developepnts of SAP powder products (Siate red Aluminum Powder), reforence
(W). The phosominal propertie of SAP products we attrbteod to a great
extent to oonWofled oxidation. without alloying. The ooefficients of
expansion of SAP material to quoted at 80t of that of ZC alutmdm which
would be about 10.6 x 10' -/,/ 0 ' ($SO- 2120). This inoidentally is lower
tan A-132.

k10. Conclusions on Powder Alloay Work

a. Analysis: Several analyses !gre suceessful in reaching a linear
coefficient of expansion of 9.5 x 10" inches per ineh per degree V.,
however the most preatioal, sinplest, and. strongest fond In this work waa
13f silicon, 3.5% nickel, balance atomized alusi.

b. Mlling: These powders wore ball milled in 180 gra sample lots in
a porcelain Jar, 2 1/2 &llon. apeeity, with P qua-ts of methyl. alcohol and.
about 1/3 full of ceramic cylinders, for 20 hours. These oonditi@s= adoquatelr
oontrolled the powder grain oxidation whisk is largely responsible for the
good ceffioefent. Mhi, detail would probably have to be restudied on milling
in other equipont.

c. Compasting: 80,000 Psi in a separable die lubrioatd with a vel
thin wsh of flabe alimium paoder and stearie aeid prodused a nice green.
ompact of 2.3 density. A few samples were omated at 6'7,000 Psi and
53,000 Psi and a few an high as 105,000 Psi. 53,000 in too week, 67,000
to 80,000 Is adequate and 108,000, which was not available an this station,
is somwlh better yet, but net essential.

d. Sintering: Since these powders are deliberately oxidiaed before
sintering, a high purity of the atmosphere, usually required for alumina
powder mewllurg is not demanded. Hydrogen dfted to dew points of -430°
is adequate. Sintering in open air further oxidixed the bars near the
surface, In some oases weakening the, in all oases reducing the coeffici .e.

14
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The desired coefficient may be more easily reached by this procedure,

not rcmedd

e. Dimensional Fidelity: Shrinkage on sintering is proportional
to sintering severity. Inor-jasing either time or temperature will In-
crows the problem. However this 8hrinkage and its associated distartion,
my be held below one per cent with sinters of I to 2 hours and 10400 to

1020 0F temperatures. This of course is not an inependent variable.
The coefficient is closely dependent on the sintering-longer tiMs and
higher temperatures both reduce It.

f. ftchinability: The hypereutectic primary silicon crystallization
Is completely removed by this technique. This of course is the principal
objection to Vanasil. Consequently uaohinability Is atuoh improved. The
materiel is brittle, but is comparable to Vemrail in this respect- no
worse.

11.. Silicon Segregation in Slender Castings

a. One of the slender Vanmail. cast ingn used at this station con-
sisted of a fairly plane surface a little larger than 6 x 12 inches re-
inforoed on the back with & nuer of mode rately heavy ribs. fr the usual
production of these caatings the metal. backing of the plane surface is
E75T-.285 inches. thick. lIn this thicknesa there is conxidarablis privexy-

silicon segregation opposite, the heavier riba which would be the Erloweat
freezing portion of the casting. Thia segregatiom in illustrated. by-
Figuzre 6., an actual size photograph acrosa the 6 Inch. width of the planst
surfuce, after machining.

1WW
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b. The .280 inch thioaness of the piano face was reucezod to .220 to
.230 inches thick to reduoe. the, fressin tim and thus reduce the sgre-
gation on thiv tace. Figure 7. illustrates the success of thia pattern
ohene In reducing silicon segregation.

4-
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12. A-132 zxperimntal Compousts

a. There in considerable weight of engineering opinion favoring
the use of A-132 instead of Vaniasl for low ezpansion instruent castings.
To establish the pesition of A-132 In the debato on this question, plans
yore made to build a nmber of the oeputer esmponents of the AN/ABB-1 on
A-132 frme, expow them to both hi S and low temperatures ad then test

them oeazfully for perfero.o and aecaars at rem temperature.

b. On this plan, two trail oumputers were built on A-132 bass oastings.
Tho were completely- tested and then exposed to temperatures from -So to
1 6 115 md tested, ag at room temperature.. Thee computers passed all
requirmnt both before ad after the temperature cycling.

a. ontiaing this plan, two tin of fll omputers and two V f
units are being bult for similar testing. If all. satiastorily a
these initial. tests, It is pIned to esemble t m Into a finished instra-
nat an& ples. them In aotual. sevice for opeitional observation.

d. Ta de an tests at this pLat have shown that A-1Z2 ea be zensideret
unsatisftctery in this appliestion.

11. Recomandations for Continued Roseareb. Work tv Develop Better Low
aoefficioet of Ihponsion Alloys

a. There are several avenues of possible i vent which mar be
suggpoted. it wouU ertalnl be advisable, %a coutinue the vae mlting
phase of this nveatiatio replacing a, portio of the hype tosefts silion
with titauniu. The initial attempts im this direction were promising, yield-
ing one alley iWt a very favorable coeffiient of exopsion. It seem
asily within reason tit ti umorostraoture of this 8All , or a siila

on*, could be onntralied tCars point of nAterially s in the properties.
* of Vasail.

b. Ather suggestion tiat has been discussed Is: the possibility of
refining the primary silicon crystallistoU of Vanail. itself by man of
ultrasonic agitation of the ntt either before or during freesing.

cr. The similarity of SAP produots and the ball milled powder alloy
report** in the belaIng of this reper in demonstratei at least to the
extent tkat both depend on entrolled oxidation of the powder. Tbrefore
there is a strong pessibility that t0e teohaiques of hot preMssing and, etru-
sian which finiWsh out he Vremrmable properties of the SAP producsa mW also
be successfully applied to this work.

'- ' Approved: B. C. Vaugh
Metallurgical Branch

W. A. Key

11.1?



INITIAL DISTRIBUTION

Addressee: Copies

Chief, Bureiu of Ordnance, Navy Department, Washington 25, D. C. 8
(AS.) - 2 (ROeO) - 2
(Rea) - 2 (Rex-&)- 2

Comainding Officer, U. S. Naval Ordnance Test Station, China Lake,
Inyok-rn, California 2

Chief, Office of Naval Research, Navy Departaent, Washington 25,
D. C., Attn: Technical Information Division, Library of Congress 2

M. Ten Bosch, Inc., 80 Wheeler Avenue, Pleasantville, New York, 1
A-ttn: mr. M. Ten Bosch

C. K. Williams and Coupaza-, 2001 Lynch Avenue, East St. Louis, 1
Illinois, Attn: Dr. Riohard Rodrian

Norden Laboratories Corporation, 121 Westareland. Avenue, White 1
Plains, New York

This is for listng in the Technical Information Pilot

-i,



INTERNAL DISTRIBUTiON

amplm=C 7hZm (vTia W. A. Key)

NOPI Library (VI a A and B)

Engineering Depar rtw

Mterials Divisi on (-0

3. C. Wagner (84,3)

B. C. Vaughn (840)


